Two new fullerene ligands have been designed to provide relatively simple frameworks to build supramolecular systems containing both fullerene and Zn-porphyrin moieties. The coordination of the fullerene ligands to the Zn-porphyrin was supported by UVevis titration, nuclear magnetic resonance and electrochemical data. The resulting spectrophotometric data were processed both graphically and computationally to yield the stoichiometry, stability constant, and molar absorptivity of the species in equilibrium.
Introduction
Porphyrin/fullerene systems and dyads have been extensively studied to examine donor/acceptor interactions.
1,2 Donor/acceptor interactions within fullerene/porphyrin assemblies are important for the design of multi-component model systems for photoactive materials 3 and light-harvesting devices. 4 Thus, chemists have increasingly sought to develop relatively simple donor/acceptor systems. Since Liddell and co-workers 5 reported the first synthesis of a C 60 derivative covalently linked to a porphyrin, various other fullerene/porphyrin dyads have been synthesized based on covalently linked components. 6, 7 Another attractive route to prepare such supramolecular assemblies has been the coordination of appropriately functionalized fullerene derivatives to metalloporphyrins, such as those containing zinc 8, 9 or magnesium 10 as the metal center. In the latter route, the fullerene has often been functionalized with an Nheteroaromatic moiety. This metal/ligand coordination strategy provides a simple and versatile way to construct electron donor/acceptor assemblies, which may be of interest as mimics of the efficient biological electron transfer systems. 7 With respect to the synthetic aspects, most of the fullerene ligands reported to date have been prepared by the functionalization of C 60 in various steps in low-to-moderate yields. The prevailing strategy for the synthesis of fullerene ligands is via cycloaddition reactions. 11, 12 For example, D'Souza and co-workers have synthesized fullerene ligands via [3þ2] cycloadditions of azomethine ylides and C 60 . 13, 14 More recently, Deye and co-workers have designed a new ligand based on the DielseAlder functionalization of C 60 . 15 A less frequently used method to obtain fullerene ligands employs the Bingel's cyclopropanation reaction, which consists of the reaction of active methylene compounds with C 60 . 16, 17 The search for new fullerene/porphyrin supramolecular systems prompted us to design new functionalized fullerene ligands via the BingeleHirsch cyclopropanation of C 60 and to evaluate the ability of these new ligands to assemble with a simple Zn-porphyrin, 5,10,15,20-tetraphenylporphyrinatozinc(II) (Zn(TPP)). The accurate determination of the equilibrium constants (K) associated with dyad formation is often required in various chemical, biochemical, and pharmaceutical settings. In previous work, such constants for fullerene/porphyrin interactions have been determined by 1 H NMR, 18 UVevis, 8, 10, 13, 14, 16, 17, 19 and fluorescence 9, 10, 17, 18, 21 spectroscopies. Whereas spectrophotometry has been the method of choice due to its simplicity, low cost, ease of adaptation, and high sensitivity (which allows the use of concentrations as low as 10 À6 mol L À1 ), it has also been limited to systems with minimal chromophore absorbance overlap.
In this contribution, we utilize a multiwavelength, multiple regression procedure for the determination of the equilibrium constant of complex absorbing mixtures in Zn-porphyrin/fullerene systems. Our protocol employs a computational approach rather than the usual graphical methods for treating spectrophotometric titration data; the software of choice was SQUAD (Stability Quotients from Absorbance Data). 22 This program is capable of calculating simultaneously, or individually, overall stability constants for any species formed in studied systems, as long as the species contributes to the total absorbance measured. 22 Early studies confirmed the ability of the program to evaluate the correctness of the equilibrium model proposed and the values of the refined equilibrium constants. 22 To the best of our knowledge, fullerene/ porphyrin assembly coordination equilibrium data have been processed by only one computational (multiple regression) means. 17, 20 2. Results and discussion
Synthesis
The strategy explored for the preparation of the fullerene derivatives 6, 7, and 8 was based on a Bingel-type reaction (Scheme 1). 23, 24 The commercial alcohol 1 was esterified with commercial methyl malonyl chloride or malonyl dichloride in pyridine/THF mixtures at room temperature to yield the malonates 3 or 4 in 83% or 57% yield, respectively. The reaction of C 60 with 3 or 4, I 2 , and DBU in toluene at room temperature afforded mono-adducts 6 or 7 in 50% or 40% yield, respectively, after purification by column chromatography. The advantages of this synthetic method for the preparation of the new compounds 6 and 7 include the overall simplicity of the procedure and the ready availability of the starting materials; additionally, this methodology can be easily adapted for the synthesis of other functionalized fullerenes. The fullerene derivative 8, which does not contain the pyridyl moiety, was obtained from 1-octanol via the same method used for the synthesis of 6 and 7 (Scheme 1).
The applicability of the resulting compounds in supramolecular chemistry is demonstrated below by their ability to engage in coordination-type assemblies with metal complexes in solution, e.g., fullerene/Zn-porphyrin adducts. As a proof of concept, a study was undertaken to evaluate the ability of these new ligands 6 and 7 to assemble with Zn(TPP), to yield the corresponding Zn-porphyrin/ fullerenes ( Fig. 1) via the coordination route.
The structure and purity of the compounds were confirmed by 1 H and 13 C NMR spectroscopy (the spectra of the fullerene ligands are available in the Supplementary data). 
Spectrophotometric titration
Zn-porphyrins are well-established, suitable spectroscopic probes for studying Lewis acid/base-type coordination equilibria in solution.
The Zn(TPP) UVevis absorption spectrum in hydrocarbon solvents, such as toluene, is characterized by a strong Soret band (l¼423 nm, in toluene) and a weaker Q band (l¼550 nm, in toluene). In the presence of a nitrogen/ligand (L), a rapid Lewis acid/base equilibrium is established to yield the Zn(TPP)/L adduct (ML) (where M¼Zn(TPP) and L¼ligand), according to Eq. 1. The formation of the ML species is accompanied by a red-shift of the Soret and the Q bands in a concentration-dependent manner, which makes UVevis spectroscopy a suitable technique to study such systems. The spectrophotometric data are often analyzed graphically by a classical BenesieHildebrand (BeH) plot, given that there are only two absorbing species in equilibrium (i.e., M/ML or L/ML). Although this is usually the case for simple pyridine derivatives, fullerene-functionalized pyridines (such as 6 and 7) absorb in the UVevis region, which yields three chromophores (M, L, and ML) simultaneously in equilibrium and precludes the direct use of the BeH-type of analysis. To overcome these analytical issues, previous studies 8, 10, 17, 18, 20, 21, 26 on the coordination equilibrium of fullerenes to metalloporphyrins in solution are based on fluorescence data instead of UVevis spectroscopy, as the fluorescence of Zn(TPP) (M) is quenched in a concentration-dependent manner by a non-fluorescent ligand (fullerene, L) to yield a nonfluorescent adduct (ML). We show here that the supramolecular assembly of functionalized fullerenes and Zn porphyrins may be conveniently measured by UVevis spectrophotometry even in the case of strongly absorbing fullerene species, given that the data are appropriately treated by a multiwavelength spectrophotometric titration processing program, such as SQUAD. It is worth noting that, as opposed to spectrofluorometers, UVevis spectrophotometers require only simple setup and are widely available in most organic/ inorganic laboratories.
A set of UVevis spectrophotometric titrations was designed to study the ability of 6 and 7 to assemble coordinatively with Zn(TPP) in solution. Titrations with unsubstituted pyridine (Py), with fullerene-free substituted pyridines 3 and 4, and with pyridine-free fullerene 8 were carried out as controls for the supramolecular assemblies of Zn(TPP)/6 and Zn(TPP)/7. The spectrophotometric titrations of Zn(TPP) with the fullerene ligands 6 and 7 (Scheme 1) were accompanied by the expected red-shifts of the Zn(TPP) Soret and Q bands ( Fig. 2a and b) . However, the titrations did not show the characteristic well-defined isosbestic points ( Fig. 2a and b) usually associated with the two-species M/ML equilibrium of Zn (TPP)/simple Py ligand systems because 6 and 7 themselves absorb strongly in the titration region. As previously mentioned, fullerenefunctionalized pyridines absorb in the UVevis region, which results in the presence of three chromophores (i.e., M, L, and ML) simultaneously in equilibrium. The UVevis spectra of the spectrophotometric titration of Zn(TPP) with 8 ( Fig. 2c) , which contains only the fullerene chromophore but no Py moiety, are superimposable on the sum of the absorbances of the two individual species. This observation shows that (i) the interaction between the fullerene moiety and Zn(TPP) is negligible (if present at all), (ii) the assembly of Zn(TPP)/6, and Zn(TPP)/7 takes place through and is primarily controlled by the coordination of the Py moiety, and (iii) fullerenefree compounds 3 and 4 (along with Py itself) represent suitable models for 6 and 7.
The spectrophotometric titrations of Zn(TPP) with Py, 3, and 4, which do not absorb in the Zn(TPP) Soret and Q band regions, showed well-defined isosbestic points along with the expected spectral red-shift (Fig. S1e3 in the Supplementary data). Spectrophotometric data for these titrations were evaluated both by the classic graphical BeH method and a computational approach using the software SQUAD (see below). These analyses reveal the stoichiometry and the formation constants 27 (K) of the Zn-porphyr- 
The BeH method consists of the analysis of the changes in absorbance (at a single wavelength) that accompany the change in concentration of L at a fixed Zn(TPP) concentration, according to Eq. 2, where A 0 is the initial absorbance of Zn(TPP) at a given wavelength in the absence of L; A N is the absorbance in the end of the titration once A becomes independent of the concentration of L and corresponds to the species Zn(TPP)/L n ; A is the absorbance of the titrated solution at any intermediate concentration between those associated with A 0 and A N ; K is the formation constant; and n is the number of ligands (L) in the complex. Table 1 shows the equilibrium parameters obtained for the spectrophotometric titration of Zn(TPP) with Py, 3, and 4 by the BeH method at two different wavelengths (l¼423 nm or 429 nm). The experimental data relative to the slope (n) in Eq. 2 (Table 1) indicate that the species M, L, and ML in the Zn(TPP)/Py, Zn(TPP)/3, and Zn(TPP)/4 systems coexist in solution in an equilibrium state governed by the formation constant K. However, the BeH analysis at different wavelengths (l¼423 nm or 429 nm) returns K values of up to one order of magnitude apart in the same titration. This wavelength-dependence on the quantitative description of the equilibrium constant, associated with the fact that the BeH analysis is limited to ligands whose absorbance do not overlap considerably with Zn(TPP), precluded the appropriate analysis of the Zn(TPP) titration with 6 and 7 by the BeH method and prompted us to investigate the alternate multiwavelength computational approach provided by SQUAD.
A systematic analysis of the spectrophotometric titration data of Zn(TPP) with the various ligands Py, 3, 4, 6, 7, or 8 was undertaken using the software SQUAD, a well-established Fortran-based data processing software 22 capable of executing calculations of the best values of the formation constants for a proposed equilibrium model. This software uses a nonlinear least squares approach to simultaneously fit absorption data at multiple wavelengths for solutions of varying ligand concentration. The formation constants and the statistical parameters generated by SQUAD for the proposed M/L/ML equilibrium model for the titrations of Zn(TPP) with the various ligands are summarized in Table 2 . In all calculations using SQUAD, the input file contained data of 25 spectra per titration; a total of 50 wavelengths per spectrum (i.e., 1250 data points per titration) were simultaneously examined in the region of the Soret band of Zn(TPP) and the resulting Zn(TPP)/L species. When the analyses of the Zn(TPP)/Py, Zn(TPP)/6, and Zn(TPP)/7 were carried out in the visible region of the spectrum (516e618 nm), the formation constants (K) calculated were comparable to those obtained in the Soret region (Table 2 ). This result indicates that the absorption band of fullerenes near the Soret band of Zn(TPP) does not interfere with the analysis of this spectral region by SQUAD. Convergence was not achieved for any equilibrium model in the Zn(TPP) titration with 8, which is consistent with the lack of any significant interaction between the pyridine-free fullerene and Zn(TPP).
Good reproducibility in the equilibrium parameters that govern the solution assembly of Zn(TPP) with Py, 3, 4, 6, and 7 was obtained by the computational approach; the formation constants varied by w5% with a second titration (replicate). This result demonstrates the accuracy of both the experimental methodology and the data processing and calculations by SQUAD. The formation constants found (Table 2 ) are in an excellent agreement with those previously reported for the interaction of Zn(TPP) with other related fullerenes functionalized with N-containing moieties, for which different methods of analysis of the experimental data were used. 13, 14, 16, 18, 19, 20 For the titration of Zn(TPP) by 7 an attempt to fit the experimental data to a model including a 2:1 porphyrin/fullerene complex was unsuccessful: no binding constant could be calculated from the UV titration data as the chemical model including this M 2 L species precluded the minimization and convergence process of the regression spectral analysis. This is likely ascribed to either the 2:1 complex not being formed at all or because the conditions for its formation are not accessible within the concentration limits of the spectrophotometric titrations. It is unreasonable to assume that only one pyridine unit of 7 coordinates to the zinc porphyrin, but considering that Zn(TPP) forms exclusively pentacoordinate stable complexes at room temperature, 28 the two pyridine-moiety nitrogen atoms of 7 cannot bind simultaneously to the Zn porphyrin, as this would result in a hexacoordinated complex. Therefore, a dynamic, intramolecular equilibrium is likely to be established for the 'two-point'-bonded 1:1 Zn(TPP)/7 complex as shown in Scheme 2. It is worth noting that a 'two-point' binding motif has been suggested for systems as such by Li and coworkers.
29 Table 1 Parameters supplied by the BeH method in analyzing the spectrophotometric titration of Zn(TPP) with Py, 3, and 4 SQUAD calculates both the formation constants and, if requested, the molar absorptivity of the species in equilibrium. A significant improvement of 26e65% in the statistical parameters was achieved by fixing the molar absorptivity of L to the experimental values and letting SQUAD calculate the molar absortivities of both M and ML (as opposed to fixing both L and M). The agreement between the molar absorptivity of Zn(TPP) determined experimentally and that calculated by SQUAD in each titration model directly from the titration data (Fig. 3) represents another means to validate the calculations performed by SQUAD. Once the constants for the modeled chemical equilibrium have been determined, the emulation of the experimental absorption spectra, including the molar absorptivity coefficients at each wavelength, becomes possible via data processing using SQUAD (Fig. 3) . It is also worth noting that the access to the molar absorptivity of all of the species involved in the solution equilibrium is not granted by the BeH method. Fig. 3 shows the molar absorptivity spectra of all of the chromophore species present in the Zn(TPP) titration with 6 and 7, including those of the Zn(TPP)/6 and Zn(TPP)/7 assemblies. The spectra calculated by SQUAD for all Zn(TPP)/L species (L¼Py, 3, 4, 6, and 7) in equilibrium were very similar to each other, which is consistent with Zn(TPP) being the chromophore of higher molar absorptivity in theses species; the molar absorptivity of the fullerenes 6 and 7 calculated by SQUAD agrees with that measured experimentally and is one order of magnitude lower than that of Zn (TPP). The similarity of the molar absorptivity of the Zn(TPP)/L species (L¼Py, 3, 4, 6, and 7) is also consistent with the Zn(TPP)/L binding motif in all ML species being essentially the same (i.e., coordination via an unencumbered pyridine moiety).
The formation of the supramolecular systems Zn(TPP)/6 and Zn (TPP)/7 is also supported by 1 H nuclear magnetic resonance (NMR) and electrochemical data.
NMR titration
The complexation between Zn(TPP) and the fullerene ligands 6 and 7 was also demonstrated by NMR titration. Fig. 4 shows the 1 H NMR spectral data for Zn(TPP) at various concentrations of 6. A significant shielding of the protons of the ligand was observed upon coordination to Zn(TPP). The 2,6-pyridine protons, 4-pyridine proton and 5-pyridine proton showed up as broad singlets shifted upfield as compared to that of unbound ligand 6. Upon addition of 1 equiv of ligand 6 (Fig. 4c) , the 2,6-pyridine protons experienced a shielding of nearly 4.5 ppm due to the complexation; the 4-pyridine proton and 5-pyridine proton located at 7.27 and 7.56 ppm in the unbound ligand were shifted to 6.54 and 5.92 ppm, respectively; and the CH 2 O protons experienced a shielding of 0.5 ppm. The greater shift observed for the pyridine protons relative to other protons of 6 can be rationalized by the greater proximity of the axially coordinated Py moieties to the porphyrin plane, which results in a greater shielding by the porphyrin ring p-currents. 17 No peaks for unbound ligand 6 were observed under these conditions. With increasing concentration of ligand in the mixture, the spectral pattern approximated that of the free ligand 6, as the M/L/ML rapid equilibrium in Zn-porphyrin/nitrogen-base systems is much faster than the NMR time-scale. 30 The 1 H NMR titration of Zn(TPP) by ligand 7 presented the same pattern as of that of 6, up to the 1:1 M ratio of Zn(TPP) and 7 ( Fig. S5 in the Supplementary data). With increasing concentration of 7 in the mixture, there happens an unfolding of pyridine signs, which may originate from the stabilization of the non-symmetric system suggested by the dynamic equilibrium illustrated in Scheme 2.
Electrochemical studies
The investigation of the electrochemical properties of the fullerene ligands and their corresponding assemblies with Zn(TPP) was done by cyclic voltammetry. The study was aimed at gathering information on the redox potentials of the compounds and the possible electronic interaction between the donor (Zn(TPP)) and acceptor (fullerene in ligands 6 and 7) moieties of the Zn(TPP)/6 and Zn(TPP)/7 assemblies in solution.
Fig . 5 shows the cyclic voltammograms of C 60 , 6, and 7 recorded under the same conditions for comparison purposes, while Table 3 lists the first three E 1/2 values associated with these species. The cyclic voltammogram of 6 and 7 is characterized by a cathodic shift of these potentials relative to the corresponding processes in C 60 . An irreversible anodic peak at À0.34 V and À0.19 V for 6 and 7, respectively, was also observed. . For Zn(TPP) (Fig. 6a) , the presence of two oxido-reduction processes can be ascribed to the formation of a p-cation radical (0.57 V vs Ag/AgNO 3 ) and a dication radical (0.88 V vs Ag/AgNO 3 ). 15 Zn(TPP)/6 (Fig. 6a) and Zn(TPP)/7 ( Fig. 6c) have an oxido-reduction process at 0.58 V and 0.62 V, respectively, in which the potential values of the peak-to-peak (anodic and cathodic) separation and the cathodicto-anodic peak current ratio indicated an electrochemically quasireversible behavior. The coordination of 6 with Zn(TPP) (Fig. 6b) is accompanied by a significant positive shift of the redox potentials, indicating the presence of interactions between the porphyrin psystem (donor) and the fullerene core (acceptor).
Conversely, the coordination of 7 with Zn(TPP) did not result in any significant change in the redox potential of the C 60 moiety. This result implies an absence of pep charge transfer interactions between the porphyrin p-system and the fullerene core in the Zn(TPP)/7 assembly (Fig. 6c) , which suggests a rapid coordination equilibrium between the two pyridyl moieties of the fullerene derivative 7 and Zn (TPP) (Scheme 2). This results in low-to-nonexistent pep charge transfer interactions between the porphyrin p-system and 7 within the supramolecular complex Zn(TPP)/7 (Scheme 2).
Conclusions
We have shown here that new fullerene ligands can be easily prepared following a Bingel-type cyclopropanation reaction, and we have demonstrated the applicability of these ligands in supramolecular chemistry by their coordinative assembly with a Znporphyrin. The coordination equilibrium was investigated by UVevis and NMR titrations and by electrochemical means.
The formation constants relative to the axial coordination of Zn (TPP) with the new fullerene ligands were determined spectrophotometrically and conveniently calculated by using the program SQUAD. The analysis of multiwavelength data by SQUAD is often significantly more robust than examination of a single wavelength (BÀH method) and was used here for the analysis of porphyrin/fullerene dyads for the first time. Additionally, SQUAD analysis allows the determination of the pure spectra of all of the species and intermediates in the equilibrium system. These results show that analyses of multiwavelength data are particularly promising for studying the nature, stoichiometry, and spectral properties of complex assemblies of fullerenes and metalloporphyrins in solution.
The formation constants for the interaction between Py, 3, 4, 6, or 7 with Zn(TPP) are close to each other (Table 2) , which indicates that the assembly of the adducts in solution is controlled primarily by the pyridine moiety and is little influenced by the fullerene in 6 and 7. It is worth noting that in the absence of any synergistic effect between the porphyrin and the fullerene moiety, the relatively low values for the formation constants of Zn-porphyrin/N-heteroaromatic-functionalized fullerene dyads imply that the isolated supramolecular assemblies (ML) may not be of particular relevance as cellular sensitizers 31 given that once in solution, the equilibrium is shifted to the individual constituents M and L under biologically relevant conditions (i.e., at total stoichiometric concentrations lower than 10 À5 mol L
À1
, ML constitutes <10% of the M/L/ML mixture). Additionally, whereas the use of more concentrated solutions (>10 À3 mol L
) may warrant the formation of the Zn(TPP)/fullerene adduct in considerable amount, at concentrated solutions other processes such as association between ground-state molecules, which gives rise to dimers and higher aggregates, and interactions between excited and ground-state of the molecules may take place and limit, thus, the use of these assemblies as photoactive materials. 32 Additionally, the lack of significant steric hindrance between the two very bulky and sterically demanding moieties (i.e., the porphyrin and the fullerene moieties) in the dyads is granted by the flexibility of the malonate chains, which function as an appropriate pyridine-fullerene linker for the design of unencumbered porphyrin/fullerene assemblies. The easy access to malonate-functionalized fullerene derivatives via the Bingel-type chemistry as described here provides a convenient method for the preparation of other more elaborate fullerene-based ligands for the synthesis of tailored porphyrin-based donor/acceptor dyads.
Experimental

Materials and methods
Reagents and solvents were of reagent grade and used without further purification unless stated otherwise. Tetrahydrofuran (THF) was distilled over sodium benzophenone. C 60 (99.5%) was obtained from M.E.R. Corporation. Preparation and characterization data of the malonates 3, 4, and 5 are described in the Supplementary data. NMR spectra were recorded in CDCl 3 on a Bruker Avance DPX-200 (200 MHz) spectrometer and referenced to either the residual CDCl 3 (d 7.26) or tetramethyl silane (TMS) protons. Fourier-transform mass spectroscopy (FT-MS) was performed with an LTQ FT ULTRA (ThemoScientific-7 T-Germany) instrument with the TriVersa NanoMate system (Advion, USA) operating in the chip-based infusion mode and in the positive ion mode using a silicon-based integrated nanoelectrospray microchip. Column chromatography was carried out using silica gel 60, 70e230 mesh (Merck). UVevis spectra (190e1100 nm) were recorded in a HewlettePackard 8453 diodearray spectrophotometer. Multiwavelength spectrophotometric data analyses were carried out on a Pentium IV computer using SQUAD software. 1.2 mmol). The reaction mixture was stirred for 8 h at room temperature, under nitrogen atmosphere, and then filtered. The solvent was removed under reduced pressure, and the residue was purified by column chromatography, eluting first with toluene (to remove unreacted C 60 ). The pure mono-adduct was isolated by eluting with 30% MeOH in EtOAc (for compounds 6 and 7) or with 5% AcOEt in toluene (for compound 8) to provide the fullerene derivatives 6, 7 or 8 in 50%, 40% and 50% yield, respectively. 
Spectrophotometric titration
Spectrophotometric titrations were performed in a borosilicate glass cuvette tightly capped with a Teflon-coated silicon septum using a 25.0AE0.1 C thermostatized cell-holder. All stock and working solutions were kept in the dark fully wrapped with aluminum foil. Additionally, the titration was carried out with minimal ambient light exposure, and the spectrophotometer shutter was kept closed in between measurements. The initial concentration of the toluene solutions of Zn(TPP) in the cuvette was determined spectrophotometrically; typical values were from 1.23e1.83Â10
À6 mol L
À1
. Aliquots of the toluene stock solutions of the titrating ligands (Py, 3, 4, 6, 7, or 8) were added consecutively to the cuvette through the cuvette silicon septum with Hamilton microsyringes; immediately prior to recording the UVevis spectrum, the system was magnetically stirred for 1 min at 25.0AE0.1 C to allow for thermal and chemical equilibration after the addition of each ligand aliquot. The total concentration of the ligands in the cuvette ranged from 7.93Â10 À6 mol L À1 to 2.73Â10 À3 mol L
. The end of the titration was determined when UVevis spectral variations ceased. Dilution effects along the titration were accounted for when calculating the total concentration of Zn (TPP) and ligand at each titration point. The mathematical treatment of the absorbance versus concentration data was carried out either graphically (via BenesieHildebrand plots) or computationally 22 (using the software SQUAD).
Electrochemical experiments
The electrochemical experiments were carried out using an AUTOLAB (PGSTAT 302) ECOChemie potentiostategalvanostat. The electrochemical experiments were carried out in a typical threeelectrode cell; a vitreous carbon disk electrode (A¼2.8Â10 
NMR titration
The coordination of ligand 6 and 7 to Zn(TPP) was monitored spectroscopically by 1 H NMR. To a CDCl 3 solution of Zn(TPP) (6.50 mmol L À1 ) were added appropriate amounts of 6 directly into the NMR tube to yield total concentrations of 6 within the 2.95e10.80 mmol L À1 range; upon each addition the corresponding spectrum was recorded. A analogous titration was carried out using 7 instead of 6 (data are given in the Supplementary data).
